Soybean and tomato seed were germinated for 72 hr between moist cheesecloth placed on stainless steel screens. Forty 3-dayold seedlings were transferred to holes in a plastic ring supported on a 10-liter battery jar that contained a one-fifth Steinberg solution (9) with 3 mg/liter P, but no Fe. T3238Fe tomato is known to be boron-inefficient; therefore, adequate boron (0.52 mg/liter) was supplied to the solution culture. When the plants were 7 days old, they were transferred to a "prenutrient solution" which was a conditioning treatment that preceded their transfer to a new solution (absorption nutrient) from which Fe uptake studies were made. For these studies soybeans were grouped 12 plants per bundle (2 bundles per treatment), whereas 4 separate tomato plants were used per treatment. Soybean and tomato plants were used for absorption experiments on their 18th and 30th day of growth, respectively.
Iron deficiency in soybeans promotes the accumulation of citrate in the roots (2) , and subsequent Fe transport (3) , with maximal citrate accumulation being associated with maximal Fe stress in efficient varieties (13) . This suggests that the citrate accumulating in the root may increase uptake and translocation of Fe by chelating Fe as Fe-citrate. Tiffin (10, 11, 12) studied the translocation of Fe in soybean, sunflower, cucumber, and tomato stem exudates and found that the electrophoretic migration of Fe as Fe-citrate was the same for all these plant species. His data indicate that Fe is chelated with citric acid and subsequently translocated as Fe-citrate in intact plants. Iron (2) . These data suggest that Fe affects the amount of citrate transported into the xylem transport system. The objectives of this study were to clarify the role of citrate in Fe transport and in the Fe stress response of soybeans and tomatoes.
MATERIALS AND METHODS
Iron-inefficient (highly susceptible to Fe deficiency) and -efficient (low susceptibility to Fe deficiency) soybeans (5, 13) and tomatoes (4) were used as test plants. Hawkeye (HA) soybean and T3238Fe(T-Fe) tomato are. Fe-efficient and PI 54619-5-1 (PI) soybean and T3238fe(T-fe) tomato are Fe-inefficient. The plants were grown in a light chamber at 23 ± 2 C with 16 hr of light (1500 ft.-c) and 8 hr of dark.
Soybean and tomato seed were germinated for 72 hr between moist cheesecloth placed on stainless steel screens. Forty 3-dayold seedlings were transferred to holes in a plastic ring supported on a 10-liter battery jar that contained a one-fifth Steinberg solution (9) with 3 mg/liter P, but no Fe. T3238Fe tomato is known to be boron-inefficient; therefore, adequate boron (0.52 mg/liter) was supplied to the solution culture. When the plants were 7 days old, they were transferred to a "prenutrient solution" which was a conditioning treatment that preceded their transfer to a new solution (absorption nutrient) from which Fe uptake studies were made. For these studies soybeans were grouped 12 plants per bundle (2 bundles per treatment), whereas 4 separate tomato plants were used per treatment. Soybean and tomato plants were used for absorption experiments on their 18th and 30th day of growth, respectively.
In exudate studies, the roots were washed in demineralized water and then placed in 1 liter of absorption nutrient before they were topped. The cut ends of the stems were placed in half-inch Tygon tubing that extended into a glass vial in an ice bath. Exudate was collected in the dark for 20 hr at 24 C. Nutrient Cultures. Two separate cultures were used: (a) "prenutrient" and (b) "absorption nutrient." In the prenutrient, plants were grown for an extended period of time to develop different degrees of Fe stress (Fe deficiency) in the plants. These plants were transferred to the absorption nutrient where absorption and subsequent transport of Fe were determined. The initial pH of the nutrient cultures was 6.3 and it was not adjusted during the course of the experiments.
Prenitrient. The prenutrient is a modified one-fifth Steinberg nutrient (9) (Fig. 1) . Most of the wFe, citrate (Fig. 1) , and volume of exudate (Table II) (Fig. 2) . Citrate transported in the first 4 hr showed no relationship to the 59Fe transported during this time. Both 'Fe and citrate were at relatively low concentrations in the stem exudate of T3238fe tomato (Fig. 2) . In most cases the volume of exudate was greater from T3238Fe than from T3238fe plants (Table III) (Table IV) , but the citrate concentration in the roots did not appear related to the citrate transported in the stem exudate (Fig. 2) . Likewise, Fe concentration in the root residue (Table IV) was not related to the Fe transported (Fig. 2) Table IV ). T3238fe translocated much less "Fe in its stem exudate than T3238Fe, with or without BPDS (Fig. 2) . These data support the hypothesis that Fe somehow moves from the external solution into the root cells where it is chelated with citrate and then translocated within root cells to the xylem for transport to the above-ground plant parts. Further study is needed to show how Fe moves into the root and exactly where Fe is chelated as Fe citrate.
DISCUSSION
The data in this study show that Fe affects the release of citrate to the stem exudate of HA and PI soybeans and T3238Fe tomatoes. This was shown in several ways.
Varied Fe Stress in PI and HA Soybeans. PI and HA soybeans responded differently to Fe stress. HA transports most Fe at near maximal stress whereas PI transports most Fe at near minimal stress. In each case, where Fe transport increased there was a relative increase in transport of citrate. Fe-stress had no effect on citrate transport if Fe was not added to the absorption nutrient. This indicates that something other than citrate causes Fe to move into the root. When Fe movement into the root occurs, Fe-citrate is formed and it is transported into the xylem.
Increasing Amounts of Fe to Tomatoes under Fe Stress. Instead of treatments to produce a series of plants at different Other studies (2) (3) (4) (5) (6) give more detail concerning plant factors that contribute favorably to Fe transport in Fe-efficient plants: ( 
